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Abstract 
The search for alternative sources of antibiotic is a global challenge due to the increase in the 
emergence of resistant strams. Plants have been in use in traditional medicine before the era of 
chemotherapeutics and about 80% of the global population still uses them . . Azadirachta indica 
(neem) and Carica papaya are trees that have been found to possess antibacterial, antifungal, anti-
inflammatory, anti-tumour properties and also used as a pest icide. In this work, antibacterial, 
phytochemical and antioxidant potentials of ethanolic and aqueous extracts of Carica papaya and 
Azadirachta indica leaf and stem bark was determined using antimicrobial sensitivity assay, 
minimum inhibitory concentration, minimum lethal concentration, Ferric reducing antioxidant 
power assay and Total antioxidant activity of extracts as indices. The test organisms were 
Escherichia coli, Salmonella typhimurium, Bacillus subtilis and Staphylococcus au reus. Azadirachta 
indica leaf water extract and Azadirachta indica stem bark ethanol extract showed a clear zone of 
inhibition ranging f rom 10±0mm to 15.5±0.71mm and 10±0mm to 15.5±2.12mm respectively 
against all four test isolates, while others extracts had clear zones of inhibition against at least three 
test isolates with inhibition zones ranging from 10.5±0. 71mm to 15±1.41mm. Ethanolic extract of 
Carica papaya leaf was active against Bacillus subtilis alone (11.5±0.71mm).Some combined 
extracts expressed activity against all four isolate, while the highest individual extract inhibition 
zone was 15.5±2.12mm, combined extract was 18.5±0. 71mm against Salmonella typhimurium. All 
extracts had antioxidant activity and some of the phytochemicals present in the extracts include 
saponins, flavonoids, tannins, anthocyanin, betacyanin, quinones, cardiac glycoside, terpenoids, 
and phenols. However further research is still needed to identify the active phytochemica/s and their 
concentrations in the extracts. 
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Introduction 
The use of plants in folk medicine predates 
microbiology and despite the increased 
scientific discoveries in the field of 
microbiology and modern medicine, use of 
plants as an alternative treatment is still 
very much prominent among low-income 
earners and rural dwellers. There has also 
been a recent increase in the use amidst 
the developed world too. In a report by the 
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World Health Organization, as high as 80% 
of global population subscribe mainly to 
traditional therapies that include the use of 
plant extracts or their active derivative~ 
(WHO, 2012).The overuse or exposure tc 
antimicrobial s and poor hygi e n i t 
conditions amongst others has resulted ir 
selective effectiveness of antimicrobi2 
agents and has been implicated in th• 
rising emergence of drug and multi-dru 
JIRT Vol. 6, No 1, 2017 2( 
_ _  - - - - ·  ~· w  . . . . . .  , . , . ,  ' " ' " m • c r o o 1 a 1  A n d  A n t i o x i d a n t  A c t i v i t y  O f  C a r i c a  P a p a y a  
a n d  A z a d i r a c h t a  I n d i c a  l e a f  A n d  S t e m  B a r k  E x t r a c t s  O n  S e l e c t e d  C l i n i c a l  I s o l a t e s .  
r e s i s t a n t  p a t h o g e n i c  o r g a n i s m s  w h i c h  a r e  
c u r r e n t l y  a  m a j o r  p u b l i c  h e a l t h  c o n c e r n  
a c r o s s  t h e  g l o b e .  T h e  l a s t  d e c a d e  h a s  
w i t n e s s e d  a  g r e a t  d r o p  i n  t h e  d i s c o v e r i e s  o f  
n e w  c h e m o t h e r a p e u t i c s  a b l e  t o  c o m b a t  
e m e r g i n g  s t r a i n s  o f  p a t h o g e n i c  m i c r o b e s .  T h e  
p u r s u i t  o f  n e w  c h e m o t h e r a p e u t i c s  f o r  
c o m b a t i n g  d r u g - r e s i s t a n t  b a c t e r i a  h a s  l e d  t o  
t h e  c o n s i d e r a t i o n  o f  p l a n t s ,  m a i n l y  t h o s e  w i t h  
e t h n o p h a r m a c o l o g i c a l  u s e s ,  h a v e  e m e r g e d  
a s  t h e  m a j o r  s o u r c e s  f o r  r e c e n t  d i s c o v e r i e s  o f  
n e w  c h e m o t h e r a p e u t i c s .  T h e  b r o a d  
b i o l o g i c a l  d i v e r s i t y  o f  p l a n t s  a r e  s o u r c e s  o f  a  
w i d e  r a n g e  o f  b i o a c t i v e  p h y t o c h e m i c a l  
m o l e c u l e s ,  a c t i n g  t h r o u g h  d i v e r s e  
m e c h a n i s m s .  T h i s  h a s  r e s u l t e d  i n  t h e  u s e  o f  
t h e  e x t r a c t  f r o m  d i f f e r e n t  p a r t s  o f  p l a n t s  a s  
s o u r c e s  o f  n e w  c h e m o t h e r a p e u t i c s  o r  
a n t i b i o t i c  a g e n t s ,  w h i c h  h a v e  a p p e a r e d  t o  b e  
o f  h i g h  i m p o r t a n c e  s i n c e  t h e  e m e r g e n c e  o f  
r e s i s t a n t  b a c t e r i a  s t r a i n s  t h a t  h a v e  m a d e  
t r e a t m e n t  o f  i n f e c t i o n s  w i t h  e a r l i e r  
e s t a b l i s h e d  c h e m o t h e r a p e u t i c s  d i f f i c u l t .  
A z a d i r a c h t a  i n d i c a  i s  a m o n g  t h e  a r r a y  o f  
m e d i c i n a l  p l a n t s  t h a t  b e l o n g  t o  t h e  f a m i l y  
M e l i a c e a e  a n d  h a s  b e e n  r e p o r t e d  t o  b e  
i n d i g e n o u s  t o  S o u t h  A s i a  b u t  s u c c e s s f u l l y  
c u l t i v a t e d  a c r o s s  A f r i c a  i n c l u d i n g  N i g e r i a .  T h e  
m e d i c i n a l  e f f i c i e n c y  o f  A .  i n d i c a  h a s  b e e n  
d e s c r i b e d  b y  f o l k  m e d i c i n e  p r a c t i t i o n e r s  o v e r  
t h e  y e a r s  a n d  s o m e  o f  w h i c h  c o v e r s  a  w i d e  
r a n g e  o f  m e d i c a l  c o n d i t i o n s  i n c l u d i n g  
t r e a t m e n t  o f  s t o m a c h  u l c e r s ,  f e v e r ,  s k i n  
d i s o r d e r s ,  r e s p i r a t o r y  t r a c t  i n f e c t i o n s ,  r a s h e s  
a n d  b o i l s ,  r h e u m a t i s m ,  e y e  a n d  e a r  
i n f e c t i o n s ,  s o r e  g u m s  a n d  t h r o a t ,  l e p r o s y  a n d  
d i a b e t e s .  
C a r i c a  p a p a y a  i s  a  m e m b e r  o f  t h e  p l a n t  f a m i l y  
C a r i c a c e a e ,  a n d  v a r i o u s  s p e c i e s  b e l o n g i n g  t o  
t h i s  f a m i l y  h a v e  b e e n  u s e d  o v e r  t h e  y e a r s  f o r  
t r e a t m e n t  o f  a  v a r i e t y  o f  d i s e a s e s .  C a r i c a  
J o u r n a l  o f  I n d u s t r i a l  R e s e a r c h  a n d  T e c h n o l o g y  . . .  
p a p a y a  i s  n o t  j u s t  a  t a s t y  f r u i t  b u t  i t  i s  a l s o  a  
r i c h  d e p o s i t  o f  s e v e r a l  b i o a c t i v e  c o m p o u n d s  
a n d  a n t i o x i d a n t  n u t r i e n t s  s u c h  a s  f l a v o n o i d s ;  
t h e  B  v i t a m i n s ,  v i t a m i n  C ,  c a r o t e n e s  a n d ,  
f o l a t e  a n d  p a n t o t h e n i c  a c i d ;  a n d  t h e  m i n e r a l s ,  
p o t a s s i u m ,  m a g n e s i u m  a n d  f i b e r .  T h e  
p a p a y a  i s  h i g h l y  p r i z e d  f o r  i t s  p r o t e o l y t i c  
e n z y m e s  w h i c h  i n c l u d e s  p a p a i n  w h i c h  i s  u s e d  
i n  t h e  t r e a t m e n t  o f  s p o r t s  i n j u r i e s ,  o t h e r  
c a u s e s  o f  t r a u m a ,  a n d  a l l e r g i e s .  
B i o c h e m i c a l l y ,  t h e  l e a v e s  o f  p a p a y a  a r e  
c o m p l e x  a n d  p r o d u c e  n u m e r o u s  a l k a l o i d  a n d  
p r o t e i n s  w i t h  i m p o r t a n t  p h a r m a c e u t i c a l  a n d  
i n d u s t r i a l  u s e s .  O v e r  t h e  y e a r ' s  p l a n t  p a r t s  
h a v e  b e e n  r e p o r t e d  t o  b e  u s e d  a s  
a n t i m i c r o b i a l  a g e n t s ,  i n  m o s t  c a s e s ,  t h e i r  
e x t r a c t s  a r e  u s e d  a s  i n f u s i o n s  o r  o r a l  
a d m i n i s t r a t i o n .  C a r i c a  p a p a y a  a n d  
A z a d i r a c h t a  i n d i c a  l e a f  a n d  b a c k  h a v e  b e e n  
u s e d  i n  t h e  p r e p a r a t i o n  o f  l o c a l  h e r b s  f o r  
t r e a t m e n t  o f  s e v e r a l  d i s e a s e s .  B i o a c t i v e  
c o m p o u n d s  f r o m  p l a n t s  a r e  s a i d  t o  b e  a  n o v e l  
s o u r c e  o f  a l t e r n a t i v e  t h e r a p e u t i c  a g e n t s  
a g a i n s t  i n f e c t i o u s  d i s e a s e  a n d  a  l a r g e  n u m b e r  
o f  p h y t o c h e m i c a l s  a g e n t s  h a v e  b e e n  
e x t r a c t e d  f r o m  p l a n t  p a r t s  l i k e  f l o w e r s ,  s t e m  
b a r k ,  s t e m ,  r o o t s ,  f r u i t s ,  s e e d s ,  l e a v e s ,  f r u i t  
r i n d ,  a n d  w h o l e  p l a n t s .  
T h e  a i m  o f  t h i s  r e s e a r c h  i s  t o  d e t e r m i n e  t h e  
a n t i m i c r o b i a l ,  a n t i o x i d a n t  a n d  p h y t o c h e m i c a l  
p r o p e r t i e s  o f  t h e  a q u e o u s  a n d  e t h a n o l i c  
c r u d e  e x t r a c t  o f  C a r i c a  p a p a y a  a n d  
A z a d i r a c h t a  i n d i c a  l e a v e s  a n d  s t e m  b a r k  o n  
c l i n i c a l  i s o l a t e s  ( S a l m o n e l l a  t y p h i m u r i u m ,  
S t a p h y l o c o c c u s  a u r e u s ,  B a c i l l u s  s u b t i l i s  a n d  E .  
c o l i }  a n d  t h u s  a d v i c e  o n  i t s  u s a g e .  
M a t e r i a l s  a n d  M e t h o d s  
S a m p l e  C o l l e c t i o n  a n d  P r o c e s s i n g  
L e a f  s a m p l e s  o f  C a r i c a  p a p a y a  a n d  l e a f  a n d  
s t e m  b a r k  s a m p l e s  o f  A z a d i r a c h t a  i n d i c a  
w e r e  c o l l e c t e d  i n  t h e  m o n t h  o f  F e b r u a r y  
J I R T  V o l .  6 ,  N o  1 ,  ~017 2 1 0  
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and March 2017 from Ota (6°40'4S.7"N 
3°10'43.2"E). The samples were 
transported to the Microbiology laboratory 
of Covenant University where t hey were 
identified by plant taxonomists in the 
Botany Unit of the Department of 
Biological Sciences, Covenant University, 
Ota. The samples were washed with 
potable water and air dried for 48-72 
hours, shredded and oven dried at 40°C for 
24 hours to constant weight, blended to 
the powder using a mechanical grinder 
(VKP 10248, Victoria, Utah, USA). The 
product was stored at S°C in an enclosed 
sterile glass container until used. 
Collection and Storage of M icrobial 
Isolates 
The test organisms (Staphylococcus aureus 
subsp. aureus (ATCC® 2S923TM), 
Salmonella typhimurium (ATCC® 4028), 
Bacillus subtilis subsp. spizizenii (ATCC® 
6633TM) and Escherichia coli (ATCC® 
2S922TM) were obtained from Nigerian 
Institute of Medical Research (NIMR). 
Isolates were kept on nut rient agar slants 
and refrigerated at 4°C unti l t hey were 
used. Prior to antimicrobial sensit ivity 
assay, the isolates were subjected to basic 
cult ural/morphological ident ification and 
biochemical test s fo r confirmation and 
purity t est . 
Preparation of the Extract 
The extraction was carried out using water 
at 2S±2°C and ethanol as solvents. Two 
hundred (200) g of t he powdered leaf and 
stem bark were we ighed and soaked in 
water and ethanol for 72 hours extraction 
with constant agitation at 100 rpm on a 
laboratory shaker (MaxQ400, Thermo 
Scientific, Massach usetts, USA). The 
samples were filtered and the fi lt rates were 
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concentra ted in a rota ry evaporator 
(RE300B, Stuart, Staffordshire, UK) at 40°C. 
The extracts were maintained at S0C. 
Antimicrobial Sensitivity Assay 
Agar well diffusion technique as described 
by was used to determine the antimicrobial 
activity of the extracts. Mueller-Hinton Agar 
(MHA) plates that have been checked for 
sterility were seeded with bacterial 
suspensions prepared from the fresh 
cultures with sterile distilled water with a 
turbidity of 0.5 McFarland Scale (1.Sx108 
cells/ml). Gentamicin sensitivity disc (10~g; 
Rapid Labs Ltd., UK) was used as positive 
control and the water and ethanol were 
negative controls. The extracts were tested 
on the isolates in uniform wells on the 
surface of the agar cut with a standard sterile 
cork borer of 9mm diameter. These tests 
were performed in triplicate and the plates 
were incubated at 37°C for 18-24 hours and 
observed for zones of inh ibition. 
Determination of Minimum Inhibitory 
Concentration (MIC) 
The standard agar dilution technique was 
used. Based on t he results f rom the 
antimicrobial sensitivity assays, dilutions of 
each extract were made with concentrations 
ranging from 10 to 200mg/ ml. The different 
concent ration of the plant extract was 
introduced into sterile Petri dishes having 
one concentration per plate in replicates. 
Molten MHA was then poured into all t he 
plate and swirled to mix with the extract at 
4S°C before allowing setting. The proportion 
of media to extract was 18:2 respectively. 
Spot inocu lation of t he standardized 
bacterial cultures was made on the plates of 
Mueller-Hinton Agar (MHA) tinctured with 
t he varying concentration of plant extract s. 
The sterility ofthe M HA was tested setting 
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O w o l a b i  e t a / :  l n v i t r o  A n t i m i c r o b i a l  A n d  A n t i o x i d a n t  A c t i v i t y  O f  C a r i c a  P a p a y a  
a n d  A z a d i r a c h t a  I n d i c a  l e a f  A n d  S t e m  B a r k  E x t r a c t s  O n  S e l e c t e d  C l i n i c a l  I s o l a t e s .  
a  p l a t e  w i t h o u t  t h e  t e s t  o r g a n i s m  a n d  p l a n t  
e x t r a c t s .  T h e  v i a b i l i t y  o f  t h e  o r g a n i s m s  w a s  
a l s o  t e s t e d  u s i n g  e q u i v a l e n t  v o l u m e s  o f  t h e  
m e d i a  i n t o  w h i c h  t h e  e x t r a c t s  w e r e  a d d e d  b u t  
t h e  o r g a n i s m s  .T h e  M I C  i s  t h e  l o w e s t  
c o n c e n t r a t i o n  o f  t h e  e x t r a c t  t h a t  p r e v e n t s  t h e  
g r o w t h  o f  t h e  p a r t i c u l a r  i s o l a t e .  
D e t e r m i n a t i o n  o f  M i n i m u m  L e t h a l  
C o n c e n t r a t i o n  ( M L C )  
T h e  M  LC s  w a s  d e t e r m i n e d  b y  s e l e c t i n g  p l a t e s  
t h a t  s h o w  n o  g r o w t h  d u r i n g  M I C  
d e t e r m i n a t i o n .  T h e  l o w e s t  c o n c e n t r a t i o n  
t h a t  d o e s  n o t  p r o d u c e  a  s i n g l e  b a c t e r i a  c o l o n y  
i s  c o n s i d e r e d  a s  t h e  M L C .  
P h y t o c h e m i c a l  S c r e e n i n g  
P h y t o c h e m i c a l s  e x a m i n a t i o n  o f  t h e  e x t r a c t  
w a s  c a r r i e d  o u t  f o r  a l k a l o i d s ,  s a p o n i n s ,  
f l a v o n o i d s  a n d  t a n n i n s ,  c a r d i a c  g l y c o s i d e s ,  
g l y c o s i d e ,  t e r p e n o i d s ,  p h e n o l s ,  a c i d s ,  
t r i t e r p e n o i d s  q u i  n o n e s ,  a n d  a n t h o c y a n i n  a n d  
b e t a c y a n i n  u s i n g  t h e  s t a n d a r d  m e t h o d s  a s  
d e s c r i b e d  b y V a n i t h a  e t a / . ,  { 2 0 1 2 ) .  
T h e  F e r r i c  R e d u c i n g  A n t i o x i d a n t  P o w e r  
{ F R A P ) A s s a y  
T h e  F R A P  w a s  e v a l u a t e d  i n  t h e  c r u d e  e x t r a c t s  
o f  t h e  p l a n t  s a m p l e s  u s i n g  t h e  m e t h o d  o f  
O y a i z u  { 1 9 8 6 ) .  A  v o l u m e  o f  2 . 5  m l  o f  t h e  
e x t r a c t  s o l u t i o n  w a s  m i x e d  w i t h  2 . 5  m l  o f  2 0 0  
m m o i / L  s o d i u m  p h o s p h a t e  b u f f e r  { p H  6 . 6 )  
a n d  2 . 5  m l  o f  1 %  p o t a s s i u m  f e r r i c y a n i d e .  T h e  
m i x t u r e  a l r e a d y  p r e p a r e d  w a s  t h e n  i n c u b a t e d  
a t  5 o · c  f o r  2 0  m i n .  A f t e r  t h a t ,  2 . 5  m l  o f  1 0 %  
t r i c h l o r o a c e t i c  a c i d  ( w / v )  w a s  a d d e d ,  t h e n ,  
t h e  m i x t u r e  w a s  s p u n  i n  a  c e n t r i f u g e  a t  
1 1 6 . 2 7 2  g  f o r  8  m i n  { H E R M E L  Z  9  2 0 0 A  
c e n t r i f u g e ) .  A l i q u o t  5 m l  o f  t h e  s u p e r n a t a n t  
w a s  m i x e d  w i t h  5 m l  o f  d e i o n i z e d  w a t e r  a n d  1  
J o u r n a l  o f  I n d u s t r i a l  R e s e a r c h  a n d  T e c h n o l o g y  . . .  
m l  o f  0 . 1 %  o f  f e r r i c  c h l o r i d e .  L a s t l y ,  t h e  
a b s o r b a n c e  r e a d i n g s  o f  t h e  s o l u t i o n s  w e r e  
d o c u m e n t e d  a s  r e a d i n g  f r o m  t h e  
s p e c t r o p h o t o m e t e r  ( T h e r m o  F i s h e r  
S c i e n t i f i c ,  G e n e S y s ,  G l O S  U V - V I S ,  M a d i s o n ,  
U S A )  a t  7 0 0  n m .  T h e  s o l u t i o n  w i t h  h i g h  
a b s o r b a n c e  v a l u e  e x p r e s s e s  h i g h e r  r e d u c i n g  
p o w e r .  I n  t h i s  p r o c e d u r e ,  E C
5 0  
i m p l i e s  t h e  
c o n c e n t r a t i o n  o f  e x t r a c t  i n  t h e  s o l u t i o n  w h i c h  
s h o w s  t h e  a b s o r b a n c e  o f  0 . 5 .  I t  w a s  
e x t r a p o l a t e d  f r o m  t h e  g r a p h  o f  a b s o r b a n c e  a t  
7 0 0  n m  a g a i n s t  e x t r a c t  c o n c e n t r a t i o n  i n  t h e  
s o l u t i o n .  T o  c o m p a r e  e x t r a c t  r e d u c i n g  p o w e r ,  
t h e  s t a n d a r d  w a s  a  m e t h a n o l i c  s o l u t i o n  o f  
B H A .  
T h e  T o t a l  A n t i o x i d a n t  A c t i v i t y  
T h e  t o t a l  a n t i o x i d a n t  a c t i v i t y  o f  t h e  e x t r a c t s  
w a s  p e r f o r m e d  a c c o r d i n g  t o  S h a r m a  e t  a t . ,  
( 2 0 1 6 ) ,  0 . 3 m l  o f  t h e  e x t r a c t  w a s  c o m b i n e d  
w i t h  3 m l  r e a g e n t  s o l u t i o n  { 0 . 6  M  s u l p h u r i c  
a c i d ,  2 8 m m  s o d i u m  p h o s p h a t e  a n d  4 m M  
a m m o n i u m  m o l y b d a t e ) .  T h e  r e a c t i o n  
m i x t u r e  w a s  c a p p e d  a n d  i n c u b a t e d  a t  9 5 • c f o r  
9 0  m i n .  A f t e r  c o o l i n g  t o  r o o m  t e m p e r a t u r e ;  
t h e  a b s o r b a n c e  w a s  m e a s u r e d  w i t h  t h e  
s p e c t r o p h o t o m e t e r  ( T h e r m o  F i s h e r  
S c i e n t i f i c ,  G e n e S y s ,  G l O S  U V - V I S ,  M a d i s o n ,  
U S A )  a t  6 9 5 n m  a g a i n s t  a  b l a n k  ( m e t h a n o l  
0 . 3 m l ) .  A s c o r b i c  a c i d  w a s  t a k e n  a s  t h e  
s t a n d a r d .  
D a t a  a n a l y s i s :  
S t a t i s t i c a l  P a c k a g e  f o r  S o c i a l  S c i e n c e s  ( S P S S ) ,  
v e r s i o n  2 0 ,  w a s  u s e d  f o r  t h e  d a t a  a n a l y s i s .  
Re s u l t s  w e r e  e x p r e s s e d  a s  t h e  M e a n  ±  SO  
a n d  t e s t s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  w e r e  
c a r r i e d  o u t  u s i n g  o n e - w a y  a n a l y s i s  o f  
v a r i a n c e  ( A N O V A ) .  S t a t i s t i c a l  s i g n i f i c a n c e  
w a s  d e f i n e d  a s P <  0 . 0 5 .  
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Owolabi eta/: lnvitro Antimicrobial And Antioxidant Activity Of Carica Papaya 
and AzadirachtD Indica l eaf And Stem Bark Extracts On Selected Clinical Isolates. 
Table I shows the antimicrobial activities of 
the crude extract and t he control against the 
test organisms (ATcc e 25923TM}, 
Salmonella typhimurium (ATcc• 4028}, 
Bacillus subtilis subsp. spizizenii (ATcc• 
6633TM) and Escherichia coli (ATcc• 
25922TM)). All extract but one were active 
against Salmonella typhimurium and 
performed better than the control antibiotic 
(Gentamicin). All extract had visible activity 
against Bacillus subti/is. Table I also reveals 
that the activity of combined crude extracts 
against the test organisms was either 
synergistic, additive or indifferent 
interaction and antagonistic in effect against 
the test bacteria. Table 2 shows results of 
minimum inhibition concentration assay for 
individual extract and combination of 
extracts that showed zones of inhibition 
during the antimicrobial sensitivity assay. 
The lowest MIC values recorded were 
against Bacillus subtilis and Salmonella 
typ h i m ur ium. The phytochemical 
constituent of all plant extract was 
examined qualitatively and they are as listed 
in Table 3. The crude extract generated by 
water and ethanol for the same plant had a 
varying phytochemical composition in all 
plant samples worked on. The antioxidant 
activities of t he plant extracts were carried 
out using FRAP and Total antioxidant 
capacity assay. And the absorbance of the 
assays is as represented in figures 1 and 2. 
The result shows that all extract has 
antioxidant potentials although some have 
better activity than others. 
Table 1. Zones of inhibition (mm) of extracts against different test organisms 
Plant Escherichia coli Staph)·lococcus Bacillus subtilis Salmonella 
Euracts aur~U-5 typhimurium 
c 15.5• 0 .7 1' . 16.5t'().71' 18.5t'().71 IO.OtO.O 
I 0.0•0.0' I0.5t'().71 13.5J.0.71' 15.0.tl.41' 
2 0.0±0.0' O.OtO.O' 11.5±0.71 O.OtO.O' 
l 15± 1.41' 0.0±-0.0' 12.5c<2 12 14.0±0.0' 
4 10.0,0.0 12.0•1.41 15.0· 1.41 15.5±2. 12' 
5 12.0±00" o.o~o.o· 10.5±0.7 16 130±1.41' 
6 13.5±2. 12' IO.OctO.O 135•071' 15.5±-0.7 1' 
1&2 0.0±0.0' O.OtO.O' 11.5±0. 7 1 
1&3 0.0±0.0' 10.510.71. 10.0±0.0' 
1&4 IO.Or0.06 11.0±0.0' 12.5±0.71" 
1&5 -11.0±0.06 IIS<0.71 6 10.5±0.716 I 0.5c<O. 7 1° 
1&6 II Oc<Q.06 10.0±0.06 12.0±0.0" 12.0±1.41" 
2&3 11.5±0.71 6 O.Oc<O.O' 0.0±0.0' 15.5±0.71' 
2&4 10.5±0.716 10.5±0.716 13.5±0.71' • 18.5±0.71. 
2&5 0.0±0.0' O.Oc<O.O' 10.5±0.716 0.0±0.0' 
2&6 11.5±0.716 0.0±0.0' 10.5±0.71 6 11.0±0.0' 
3&4 10.0±0.0' 11.5.1.0.71 6 12.5±0.71" 18.0±0.0" 
1&5 10.0±o o• IO.Oi0.06 10.5±0.716 15.5±0.71' 
3&6 11 .0±00' IO.Oc<0.06 10.5±0.716 15.0±0.0' 
4&5 12.0±00 11.0•0.0 13.0±0.0' 16.5±0.71 
4&6 11.0±0.0' 10.0±0.0" 12.5±0.71" 15.5±0.7 1' 
5&6 11 .5±0.71' 10.5±0.716 10.5±0.716 11.5~0.7 1 6 
Values are mean ± SD of replicates; abcd=values with different superscript for the same test organtsm 
(within the same column) are significantly different. 
Extracts: ( =Gentamicin control, 1= Azadirachta indica leaf ethanolic extract, 2= Carica papaya leaf 
ethanolic extract, 3= Azodirochta indica stem bark water ext ract, 4= Azodirochto indica stem bark 
ethanolte extract, 5= Carico papaya leaf water extract and6= Azadirochto indica leaf water extract. 
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T a b l e  2 . M i n i m u m  i n h i b i t i o n  c o n c e n t r a t i o n  ( M I C )  ( m g  / m l )  o f  c r u d e  e x t r a c t s  a g a i n s t  t e s t  o r g a n i s m s  
P L . \ ' i T  E s c h e r i c h i a  c o l i  S t u p l t y / o c m · £ ' 1 1 '  u u r e u \  
B u d l l u \  \ u b t i l i ' - 1  S u / m o n e l l a  t y p h i m u r i u m  
E X T R A C T S  
I  
10 0 '  2 5 '  
5 0  
1 0 0  
1 0 0 '  5 0  1 : ! . 5 '  
4  1 0 0 '  1 0 0 '  1 2 . 5 '  
2 5 < '  
1 0 0 '  5 0  5 0  
6  
1 0 0 '  1 0 0 '  l O l l '  1 0 0 '  
1 & 2  
l O l l '  
25~· 
1 & . 1  1 0 0 '  
2 5 ' '  
5 0  
1 & 4  
1 0 0 '  
5 0  5 0  2 5 '  
1 & 5  
1 0 0 '  1 0 0 '  
u x r '  
1 0 0 '  
1 & 6  1 0 0 '  1 0 0 '  
H X I '  
1 0 0 '  
2 & 1  1 0 0 '  
1 0 0 '  
2 & 4  1 0 0 '  1 0 0 '  5 0  2 5 '  
2 & 5  
1 1 1 0  
2 & 6  
1 0 0 '  I ( M l '  
1 0 0 '  
1 & 4  
1 0 0 '  1 0 0 '  
s o  2 5  
1 & 5  1 0 0 '  10 0 '  I O U '  
5 0  
3 & 6  
1 0 0 '  1 0 0 '  
- l o o • -
1 o o · ·  
4 & S  1 0 0 '  1 0 0 '  5 0  2 5 '  
4 & 6  1 0 0 '  1 0 0 '  5 0  
~~c 
5 & 6  
1 0 0 '  1 0 0 '  5 0  1 0 0 '  
a b c d = v a l u e s  w i t h  d i f f e r e n t  s u p e r s c r i p t  f o r  t h e  s a m e  t e s t  o r g a n i s m  ( w i t h i n  t h e  s a m e  c o l u m n )  a r e  
s i g n i f i c a n t l y  d i f f e r e n t .  
E x t r a c t s  1 =  A z a d i r a c h t a  i n d i c a  l e a f  e t h a n o l i c  e x t r a c t ,  2 =  C a r i c a  p a p a y a  l e a f  e t h a n o l i c  e x t r a c t , 3 =  
A z a d i r a c h t a  i n d i c a  s t e m  b a r k  w a t e r  e x t r a c t ,  4 =  A z a d i r a c h t a  i n d i c a  s t e m  b a r k  e t h a n o l i c  e x t r a c t ,  5 =  
C a r i c a  p a p a y a  l e a f  w a t e r  e x t r a c t  a n d  6 =  A z a d i r a c h t a  i n d i c a  l e a f  w a t e r  e x t r a c t , - =  N o  a c t i v i t y  
T a b l e  3 :  P h y t o c h e m i c a l  s c r e e n i n g  o f  p l a n t  c r u d e  e x t r a c t s  
P a r a m e t e r  t  l . : t r . u . : h  
T a n n i n '  
S a p o m n s  
F I J \ O O O i d s  
. \ l l . a l o u . h  
. \ n t h o c . : ) J . m n  . a n d  B e t a q a n i n  
Q u m o n c  . . .  
G l y c o . . , • d c  
C a r d 1 a t :  g i ] ' C O J , I d c . . ,  
T c r p e o o i d s  
Phenol~ 
A t  I d S  
T n t e r p c n0 1 < b  
E x t r a c t s  1 =  A z a d i r a c h t a  i n d i c a  l e a f  e t h a n o l i c  e x t r a c t ,  2 =  C a r i c a  p a p a y a  l e a f  e t h a n o l i c  e x t r a c t ,  3 =  
A z a d i r a c h t a  i n d i c a  s t e m  b a r k  w a t e r  e x t r a c t ,  4 =  A z a d i r a c h t a  i n d i c a  s t e m  b a r k  e t h a n o l i c  e x t r a c t ,  5 =  
C a r i c a  p a p a y a  l e a f  w a t e r  e x t r a c t  a n d 6 =  A z a d i r a c h t a  i n d i c a  l e a f  w a t e r  e x t r a c t , - =  A b s e n t , + =  P r e s e n t .  
J o u r n a l  o f  I n d u s t r i a l  R e s e a r c h  a n d  T e c h n o l o g y  . . .  
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Figure 1: Total Antioxidant capacity assay optical density result 
Extracts 1= Azadirachta indica leaf ethanolic extract, 2= Carica papaya leaf ethanolic extract, 
3= Azadirachta indica stem bark water extract, 4= Azadirachta indica stem bark e thanolic extract, 5= Carica 
papaya leaf wat er extract and 6= Azadirachta indica leaf wat er extract 
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Figure 2: FRAP assay average optical density result 
.. . h 
Ext racts 1= Azadirachta indica leaf ethanolic extract, 2= Carica papaya leaf ethanolic extract, 3= 
Azadirachta indica stem bark water extract, 4= Azadi rachta indica stem bark ethanolic ext ract, 5= 
Carica papaya leaf wate r extract and 6= Azadirachta indica leaf water extract . 
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D i s c u s s i o n  
P l a n t  e x t r a c t  h a s  g r e a t  t h e r a p e u t i c  
p o t e n t i a l s  a g a i n s t  m i c r o o r g a n i s m s  a n d  i s  
w i t h o u t  u n d e s i r a b l e  s i d e  e f f e c t  c o m m o n  t o  
s y n t h e t i c  c h e m o t h e r a p e u t i c s  .  A l l  e x t r a c t s  
e x a m i n e d  e x p r e s s e d  a n t i m i c r o b i a l  a n d  
a n t i o x i d a n t  p r o p e r t i e s .  T h e  i n d i v i d u a l  
e x t r a c t  a n d  t h e i r  c o m b i n a t i o n s  
d e m o n s t r a t e d  e i t h e r  a  s y n e r g i s t i c ,  a d d i t i v e  
o r  i n d i f f e r e n t  i n t e r a c t i o n  e f f e c t  a g a i n s t  t h e  
t e s t  b a c t e r i a  w h i l e  s o m e  a l s o  e x h i b i t e d  
a n t a g o n i s t i c  e f f e c t s  i n  l i n e  w i t h  t h e  r e p o r t  b y  
N c u b e  e t a / .  { 2 0 1 0 ) .  A z a d i r a c h t a  i n d i c a  s t e m  
b a r k  e t h a n o l i c  e x t r a c t  a n d  A z a d i r a c h t a  
i n d i c a  l e a f  w a t e r  e x t r a c t  w e r e  e f f e c t i v e  
a g a i n s t  a l l  f o u r  t e s t  o r g a n i s m s  u s e d  f o r  t h i s  
w o r k ,  C a r i c a  p a p a y a  l e a f  w a t e r  e x t r a c t  a n d  
A z a d i r a c h t a  i n d i c a  s t e m  b a r k  w a t e r  e x t r a c t  
w e r e  p o t e n t  a g a i n s t  a l l  t h e  t e s t  o r g a n i s m s  
e x c e p t  f o r  S t a p h y l o c o c c u s  a u r e u s  w h i l e  
A z a d i r a c h t a  i n d i c a  l e a f  e t h a n o l i c  e x t r a c t  w a s  
p o t e n t  a g a i n s t  a l l  e x c e p t  E s c h e r i c h i a  c o l i  b u t  
C a r i c a  p a p a y a  l e a f  e t h a n o l  e x t r a c t  w a s  o n l y  
p o t e n t  a g a i n s t  B a c i l l u s  s u b t i l i s .  A l l  e x t r a c t s  
h a d  c l e a r  z o n e s  o f  i n h i b i t i o n  a g a i n s t  B a c i l l u s  
s u b t i l i s  a n d  t h e  c o n t r o l  ( G e n t a m i c i n )  
a n t i b i o t i c  h a d  t h e  h i g h e s t  z o n e  o f  i n h i b i t i o n  
a g a i n s t  i t .  D e s p i t e  r e p o r t s  t h a t  e t h a n o l i c  
e x t r a c t  i s  b e t t e r  t h a n  w a t e r  e x t r a c t s  
A z a d i r a c h t a  i n d i c a  s t e m  b a r k  w a t e r  e x t r a c t  
p e r f o r m e d  b e t t e r  t h a n  i t s  e t h a n o l i c  v e r s i o n  
i n d i c a t i n g  t h a t  t h e  a c t i v e  c o m p o u n d  p o t e n t  
a g a i n s t  E s c h e r i c h i a  c o l i  c o u l d  b e  l o w e r  i n  t h e  
e t h a n o l i c  d u e  t o  t h e  v a r i a t i o n  i n  p o l a r i t y  o f  
b o t h  s o l v e n t s  b u t  n o t  a s  a c t i v e  a g a i n s t  t h e  
G r a m - p o s i t i v e  o r g a n i s m  l e a d i n g  t o  i n a c t i v i t y  
a g a i n s t  S t a p h y l o c o c c u s  a u r e u s .  C a r i c a  
p a p a y a  l e a f  w a t e r  e x t r a c t  a l s o  p e r f o r m e d  
b e t t e r  a g a i n s t  G r a m - n e g a t i v e  t e s t  o r g a n i s m s  
w h i l e  C a r i c a  p a p a y a  l e a f  e t h a n o l  e x t r a c t  
d i d n ' t  h a v e  z o n e s  o f  i n h i b i t i o n  a g a i n s t  t h e  
s a m e  o r g a n i s m s .  A z a d i r a c h t a  i n d i c a  l e a f  
w a t e r  e x t r a c t  p e r f o r m e d  b e t t e r  t h a n  
J o u r n a l  o f  I n d u s t r i a l  R e s e a r c h  a n d  T e c h n o l o g y  . . .  
A z a d i r a c h t a  i n d i c a  l e a f  e t h a n o l i c  e x t r a c t  
a g a i n s t  a l l  t e s t  o r g a n i s m s  a n d  w a s  p o t e n t  
a g a i n s t  E s c h e r i c h i a  c o l i  a g a i n s t  w h i c h  
A z a d i r a c h t a  i n d i c a  l e a f  e t h a n o l i c  e x t r a c t  h a d  
n o  a c t i v i t y .  T h e  c o m b i n e d  e x t r a c t s  w o r k e d  
b e t t e r  a g a i n s t  S a l m o n e l l a  t y p h i m u r i u m  
c o m p a r e d  t o  t h e  i n d i v i d u a l  e x t r a c t  a n d  t h e  
c o n t r o l  a n t i b i o t i c .  
D e s p i t e  t h e  l a c k  o f  a c t i v i t y  o f  C a r i c a  p a p a y a  
l e a f  e t h a n o l i c  e x t r a c t  a g a i n s t  S a l m o T J e l l a  
t y p h i m u r i u m ,  t h e  c o m b i n a t i o n  o f  
A z a d i r a c h t a  i n d i c a  s t e m  b a r k  e t h a n o l i c  
e x t r a c t  a n d  C a r i c a  p a p a y a  l e a f  e t h a n o l i c  
e x t r a c t  p r o d u c e d  a  h i g h e r  z o n e  o f  i n h i b i t i o n  
c o m p a r e d  t o  A z a d i r a c h t a  i n d i c a  s t e m  b a r k  
e t h a n o l i c  e x t r a c t  a l o n e  f o r  t h e  s a m e  
o r g a n i s m  c o n f i r m i n g  t h e  s y n e r g i s t i c  
p o t e n t i a l s  o f  s o m e  o f  t h e  e x t r a c t s  w h e n  
c o m b i n e d .  A z a d i r a c h t a  i n d i c a  l e a f  w a t e r  
e x t r a c t  a n d  C a r i c a  p a p a y a  l e a f  w a t e r  e x t r a c t  
e x p r e s s e d  a n t a g o n i s t i c  i n t e r a c t i o n  a g a i n s t  
S a l m o n e l l a  t y p h i m u r i u m  c o m p a r e d  t o  t h e  
p e r f o r m a n c e  o f  t h e  i n d i v i d u a l  e x t r a c t s  
r e s u l t i n g  i n  t h e  r e d u c t i o n  o f  t h e  z o n e  o f  
i n h i b i t i o n  p r o d u c e d  b y  t h e  e x t r a c t  
i n d i v i d u a l l y .  T h e  c o m b i n a t i o n  o f  C a r i c a  
p a p a y a  l e a f  e t h a n o l  e x t r a c t  a n d  A z a d i r a c h t a  
i n d i c a  l e a f  e t h a n o l i c  e x t r a c t  h a d  a n  
i n d i f f e r e n t  i n t e r a c t i o n  w h e n  t e s t e d  a g a i n s t  
E s c h e r i c h i a  c o l i .  T h e  v a r y i n g  i n t e r a c t i o n s  o f  
a l l  i n d i v i d u a l  a n d  c o m b i n e d  e x t r a c t s  a g a i n s t  
t h e  t e s t  o r g a n i s m  c o u l d  b e  a s  a  r e s u l t  o f  t h e  
v a r y i n g  i n t e r a c t i o n s  b e t w e e n  t h e  
p h y t o c h e m i c a l s  .  A l l  t h e  e x t r a c t s  e x p r e s s e d  
c l e a r  z o n e s  o f  i n h i b i t i o n  a g a i n s t  a t  l e a s t  o n e  
o f  t h e  b a c t e r i a l  i s o l a t e s  u s e d  i n  t h i s  r e s e a r c h  
b u t t r e s s i n g  t h e  f a c t  t h a t  f o l k  h e r b a l  d r u g s  
· h a v e  g r e a t  p o t e n t i a l  a s  a n t i m i c r o b i a l  a g e n t s .  
T h e  h i g h e s t  i n d i v i d u a l  e x t r a c t  i n h i b i t i o n  
z o n e  w a s  1 5 . 5 ± 2 . 1 2 m m  a n d  f o r  c o m b i n e d  
e x t r a c t  w a s  1 8 . 5 ± 0 . 7 1 m m  a g a i n s t  
S a l m o n e l l a  t y p h i m u r i u m .  I n  t h e  a n a l y s i s  f o r  
1 / R T  V o l .  6 ,  N o  1 ,  2 0 1 7  
2 1 6  
.. 
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the MIC of extracts that have activity against 
the test organism, most extracts and 
combinations became inactive against the 
test org< nisms at 100mg/ ml agar dilution. 
Azadiracr.ta indica stem bark ethanolic 
extract and Azadirachta indica stem bark 
water extract were not effective against the 
test organisms' colony formation at 
12.Smg/ml concentration . Most of the 
extracts had a better result against 
Salmonella typhimurium. All extracts had 
antioxidant activity and some of the 
phytochemicals present in the extracts 
include saponins, flavon oids, tannins, 
anthocyanin, betacyanin, quinones, cardiac 
glycoside, terpenoids, and phenols. The 
phytochemical analysis as reported in Table 
3 showed that the phytochemicals results of 
Azadirachta indica leaf and stem bark 
extract is in line with earlier reports where 
water and ethanol extracts of the same plant 
material were extracted, the ethanol solvent 
have been reported to perform better than 
water in extraction . Hence, contrary to the 
observations in the Azadirachta indica plant 
extracts in this study, the phytochemical 
screening of Carica papaya leaf extract 
showed more phytochemical content in the 
water extract than in the ethanolic extract, 
this could be due to the polarity of the 
phytochemical component of the plant, 
different solvents have been reported to 
extrac t different phytochemical 
constituents of plant based on their polarity 
(Suleiman et a/.,2010) The antioxidant 
potentials of the plant extracts were tested 
in comparison to ascorbic acid which is an 
established antioxidant and the result of the 
FRAP assay showed that all the extracts had 
antioxidant potentials with Azadirachta 
indica stem bark ethanolic extract and 
Azadirachta indica stem bark water extract 
having the highest activity and Azadirachta 
Journal of Industrial Research and Technology ... 
indica stem bark water extract and 
Azadirachta indica leaf ethano!ic extract 
with the lowest activity. The total 
antioxidant activity assay also showed 
significant antioxidant potentials in 
comparison to ascorbic acid which is the 
positive control. Azadirachta indica leaf 
ethanol extract, Azadirachta indica stem 
bark ethanol extract and Azadirachta indica 
leaf ethanol extract, Azadirachta indica stem 
bark ethanol extract and Azadirachta indica 
stem bark water extract and Carica papaya 
leaf water extract and Azadirachta indica 
stem bark water extract had the most 
prominent values in comparison to ascorbic 
acid while Azadirachta indica leaf water 
extract had the least. 
Conclusion 
This study shows the synergistic 
therapeutic potentials of Carica papaya 
and Azadirachta indica leaves and stems 
bark ethanolic and aqueous extracts in 
vitro against some cl inically important 
Gram-positive and Gram-negative strains 
of bacteria. The synergistic effect from 
some of the combined plant extract could 
be considered as sources of potential 
biotherapeutic agents that would be less 
toxic to patients and more potent against 
infectious diseases. Due to the observation 
from this work, it is recommended that 
further studies be done to identify and 
purify the active biomolecules responsible 
for the antimicrobial effects of these 
extracts which can be employed for 
orthodox therapies. 
Acknowledgements 
We acknowledge the support of the 
laboratory staff of the Department of 
Biological Sciences, Covenant University, 
Ota. 
JIRT Vol. 6, No 1, 2017 217 
O w o l a b i  e t a / :  l n v i t r o  A n t i m i c r o b i a l  A n d  A n t i o x i d a n t  A c t i v i t y  O f  C a r i c o  P a p a y a  
a n d  A z o d i r o c h t o  I n d i c a  L e a f  A n d  S t e m  B a r k  E x t r a c t s  O n  S e l e c t e d  C l i n i c a l  I s o l a t e s .  
R e f e r e n c e s  
A k u l a ,  C . ,  A k u l a ,  A . ,  &  D r e w ,  R .  ( 2 0 0 3 ) .  S o m a t i c  
e m b r y o g e n e s i s  i n  c l o n a l  n e e m ,  
A z a d i r a c h t a  i n d i c a  A .  J u s s .  a n d  a n a l y s i s  
f o r  i n  v i t r o  a z a d i r a c h t i n  p r o d u c t i o n .  I n  
V i t r o  C e l l u l a r  &  D e v e l o p m e n t a l  B i o l o g y -
P l a n t ,  3 9 ( 3 ) ,  3 0 4 - 3 1 0 .  
h t t p s : /  / d o i . o r g / 1 0 . 1 0 7 9 / I V P 2 0 0 3 4 1 5  
A l a b i ,  0 .  A . ,  H a r u n a ,  M .  T . ,  A n o k w u r u ,  C .  P. ,  
J e g e d e ,  T . ,  A b i a ,  H . ,  O k e g b e ,  V .  U . ,  &  
E s a n ,  B .  E .  ( 2 0 1 2 ) .  C o m p a r a t i v e  s t u d i e s  
o n  a n t i m i c r o b i a l  p r o p e r t i e s  o f  e x t r a c t s  
o f  f r e s h  a n d  d r i e d  l e a v e s  o f  C a r i c a  
p a p a y a  ( L )  o n  c l i n i c a l  b a c t e r i a l  a n d  
f u n g a l  i s o l a t e s .  P e l a g i a  R e s e a r c h  L i b r a r y  
A d v a n c e s  i n  A p p l i e d  S c i e n c e  Re s e a r c h ,  3  
( 5 ) ,  3 1 0 7 - 3 1 1 4 .  R e t r i e v e d  f r o m  
w w w . p e l a g i a r e s e a r c h l i b r a r y . c o m  
A l v i a n o ,  D .  5 . ,  &  A l v i a n o ,  C .  S .  ( 2 0 0 9 ) .  P l a n t  
e x t r a c t s :  s e a r c h  f o r  n e w  a l t e r n a t i v e s  t o  
t r e a t  m i c r o b i a l  d i s e a s e s .  C u r r e n t  
P h a r m a c e u t i c o l  B i o t e c h n o l o g y _  1 0  ( 1 ) ,  
1 0 6 - 1 2 1 .  h t t p s : /  / d o i . o r g / 1 0 . 2 1 7 4 /  
1 3 8 9 2 0 1 0 9 7 8 7 0 4 8 6 0 7  
A n g ,  J .  Y . ,  E z i k e ,  E . ,  &  A s m a r ,  B .  I .  ( 2 0 0 4 ) .  
A n t i b a c t e r i a l  R e s i s t a n c e .  I n d i a n  J o u r n a l  
o f  P e d i a t r i c s ,  7 1 ( 3 ) ,  2 2 9 - 2 3 9 .  
h t t p s : /  / d o i . o r g / 1 0 . 1 0 0 7  / B F 0 2 7 2 4 2 7 5  
B a l o u i r i ,  M . ,  S a d i k i ,  M . ,  &  l b n s o u d a ,  S .  K .  
( 2 0 1 6 ) .  M e t h o d s  f o r  i n  v i t r o  e v a l u a t i n g  
a n t i m i c r o b i a l  a c t i v i t y :  A  r e v i e w .  J o u r n a l  
o f  P h a r m a c e u t i c a l  A n a l y s i s ,  6  ( 2 ) ,  
7 1 - 7 9 .  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 /  
j . j p h a . 2 0 1 5 . 1 1 . 0 0 5  
B o u c h e r ,  H .  W . ,  T a l b o t ,  G .  H . ,  B r a d l e y ,  J .  5 . ,  
E d w a r d s ,  J .  E . ,  G i l b e r t ,  D . ,  R i c e ,  L .  B . ,  . . .  
B a r t l e t t ,  J .  ( 2 0 0 9 ) .  B a d  b u g s ,  n o  d r u g s :  
n o  E S K A P E !  A n  u p d a t e  f r o m  t h e  
J o u r n a l  o f  I n d u s t r i a l  R e s e a r c h  a n d  Te c h n o l o g y  . . .  
I n f e c t i o u s  D i s e a s e s  S o c i e t y  o f  A m e r i c a .  
C l i n i c a l  I n f e c t i o u s  D i s e a s e s :  A n  O f f i c i a l  
P u b l i c a t i o n  o f  t h e  I n f e c t i o u s  D i s e a s e s  
S o c i e t y  o f  A m e r i c a ,  4 8 ( 1 ) ,  1 - 1 2 .  
h t t p s : /  / d o i . o r g / 1 0 . 1 0 8 6 / 5 9 5 0 1 1  
C h a n d a ,  5 . ,  &  D a v e ,  R .  ( 2 0 0 9 ) .  I n  v i t r o  m o d e l s  
f o r  a n t i o x i d a n t  a c t i v i t y  e v a l u a t i o n  a n d  
s o m e  m e d i c i n a l  p l a n t s  p o s s e s s i n g  
a n t i o x i d a n t  p r o p e r t i e s  :  A n  o v e r v i e w .  
A f r i c a n  J o u r n a l  o f  M i c r o b i o l o g y  
R e s e a r c h ,  3 ( 1 3 ) ,  9 8 1 - 9 9 6 .  
h t t p s : /  / d o i . o r g / 1 0 . 1 0 0 7  / s 1 3 1 9 7 - 0 1 1 -
0 2 7 6 - 5  
C h i n ,  Y .  W . ,  B a l u n a s ,  M .  J . ,  C h a i ,  H .  B . ,  &  
K i n g h o r n ,  A .  D .  ( 2 0 0 6 ) .  D r u g  d i s c o v e r y  
f r o m  n a t u r a l  s o u r c e s .  A A P S  J ,  8  ( 2 ) ,  
E  2  3  9  5  3  
h t t p s : /  / d o i . o r g / 1 0 . 1 2 0 8 / a a p s j 0 8 0 2 2 8  
C r e n t s i l ,  K .  B . ,  A r c h i b o l d ,  B . - K . ,  &  J a c o b ,  A .  
( 2 0 1 1 ) .  M o r p h o l o g i c a l  s t u d i e s  o f  N e e m  
( A z a d i r a c h t a  i n d i c a  A .  J u s s . )  s e e d  a n d  
p h y s i c o c h e m i c a l  p r o p e r t i e s  o f  i t s  o i l  
e x t r a c t s  c o l l e c t e d  i n  A c c r a  m e t r o p o l i s  o f  
G h a n a .  E l i x i r  I n t e r n a t i o n a l  J o u r n a l ,  
2 0 1 1 ( 3 9 ) ,  4 9 5 1 - 4 9 5 3 .  
h t t p : /  / w w w . e l i x i r p u b l i s h e r s . c o m /  
a r t i c l e s / 1 3 5 0 6 3 6 8 3 4 _ 3 9  ( 2 0 1 1 )  4 9 5 1 -
4 9 5 3 . p d f  
E I - M a h m o o d ,  A . M . ,  O g b o n n a ,  0 .  B . ,  &  R a j i ,  
M .  ( 2 0 1 0 ) .  T h e  a n t i b a c t e r i a l  a c t i v i t y  
o f  A z a d i r a c h t a  i n d i c a  ( n e e m )  s e e d  
e x t r a c t s  a g a i n s t  b a c t e r i a l  p a t h o g e n s  
a s s o c i a t e d  w i t h  e y e  a n d  e a r  
i n f e c t i o n s .  J o u r n a l  o f  M e d i c i n a l  P l a n t s  
R e s e a r c h ,  4  ( 1 4 ) ,  1 4 1 4 - 1 4 2 1 .  
h t t p s : /  / d o i . o r g / 1 0 . 5 8 9 7  / J M P R 0 9 . 1 6 9  
E l  M o u s s a o u i ,  A . ,  N i j s ,  M . ,  P a u l ,  C . ,  
W i n t j e n s ,  R . ,  V i n c e n t e  I I i ,  J . ,  A z a r k a n ,  
J I R T  V o l .  6 ,  N o  1 ,  2 0 1 7  2 1 8  
Owolabi eta/: lnvitro Antimicrobial And Antioxidant Activity Of Carica Papaya 
and Azadirachta Indica leaf And Stem Bark Extracts On Selected Clinical Isolates. 
M., & Looze, Y. (2001). Revisiting the 
enzymes stored in the laticifers of 
Carica papaya in the context of their 
pc ssible participation in the plant 
del·:?nce mechanism. Cellular and 
Molecular Life Sciences, 58(4), 
5 5 6 5 7 0 
https:/ /doi.org/10.1007 /PL00000881 
Hashmat, 1., Azad, H., & Ahmed, A. (2012). 
Neem ( Azadirachta indica A . Juss ) - A 
Nature TMs Drugstore: An overview. 
International Research Journal of 
Biological Sciences, 1(6), 76-79. 
Retrieved from 
http://www. isca. i n/IJ BS/ Arch ive/v1/i 
6/14.1SCA-IRJBS-2012-150.php 
Kamba, A. S., & Hassan, L. <3. (2010). 
Phytochemical screening and 
antimicrobial activities of Euphorbia 
balsamifera leaves, stems and root 
against some pathogenic 
microorganisms. African Journal of 
Pharmacy and Pharmacology, 4 (9), 
645-652. Retrieved from 
http://www.academicjournals.org/ 
ajpp 
Kaura, S. K., Gupta, S. K., & Chowdhury, J. B. 
(1998). Morphological and oil content 
variation in seeds of Azadirachta indica 
A. Juss. (Neem) from northern and 
western provenances of India. Plant 
Foods for Human Nutr i tion 
(Dordrecht, Netherlands), 52 (4), 
293-298. https://doi.org/10.1023/A: 
1008013424150 
Li, J., Lin, X., Zhang, Y., Liu, W., Mi, X., Zhang, J., 
& Su, J. (2016). Preparative Purification 
of Bioactive Compounds from Flos 
Chrysanthemi lndici and Evaluation of 
Its Antiosteoporosis Effect. Evidence-
Based Complementary and 
Alternative Medicine, 2016, 1-12. 
https://doi.org/10.1155/ 
2016/2587201 
Mello, V. J., Gomes, M. T. R., Lemos, F. 0., 
Delfino,). L., Andrade, S. P., Lopes, M. T. 
P., & Salas, C. E. (2008). The gastric 
ulcer protective and healing role of 
cysteine proteinases from Carica 
candamarcensis. Phytomedicine, 
15 (4), 237-244. 
https:/ I doi.org/10.1016/j.phymed.20 
07.06.004 
Milugo, T. K., Omasa, L. K., Ochanda, J. 0., 
Owuor, B. 0., Wamunyokoli, F. A., 
Oyugi, J. 0., & Ochieng, J. W. (2013). 
Antagonistic effect of alkaloids and 
saponins on bioactivity in the quinine 
t ree (Rauvolfia caffra sand.): further 
evidence to support biotechnology in 
t raditional medicinal plants. BMC 
Complementary and Alternative 
Medicine, 13 (1), 285. 
https:/ / doi.org/10.1186/14 72-6882-
13-285 
Mohammed, H. A., Fadhil, A., & Orner, A. 
(2015) . Antibacterial Activity of 
Azadirachta indica (Neem) Leaf Extract 
against Bacterial Pathogens in Sudan. 
American Journal of Research 
· Communication 3 (5), 246-251. 
Nascimento, G. G. F., Locatelli, J., Freitas, P. C., 
& Silva, G. L. (2000). Antibacterial 
activity of plant extracts and 
phytochemicals on ant ibiotic-resistant 
bacteria. Brazilian Journal of 
Microbiology, 31 (4), 247- 256. 
https :/ / doi .org/10.1590/S15 17-
83822000000400003 
Journal af Industrial Research and Technology ... JIRT Vol. 6, No 1, 2017 219 
O w o l a b i  e t a / :  l n v i t r o  A n t i m i c r o b i a l  A n d  A n t i o x i d a n t  A c t i v i t y  O f  C a r i c a  P a p a y a  
a n d  A z a d i r a c h t a  I n d i c a  l e a f  A n d  S t e m  B a r k  E x t r a c t s  O n  S e l e c t e d  C l i n i c a l  I s o l a t e s .  
N j i m o h ,  D .  L . ,  A s s o b ,  J .  C .  N . ,  M o k a k e ,  S .  E . ,  
N y h a l a h ,  D .  J . ,  Y i n d a ,  C .  K . ,  &  S a n d j o n ,  
B .  { 2 0 1 5 ) .  A n t i m i c r o b i a l  A c t i v i t i e s  o f  
a  P l e t h o r a  o f  M e d i c i n a l  P l a n t  
E x t r a c t s  a n d  H y d r o l a t e s  a g a i n s t  
H u m a n  P a t h o g e n s  a n d  T h e i r  
P o t e n t i a l  t o  R e v e r s e  A n t i b i o t i c  
R e s i s t a n c e .  I n t e r n a t i o n a l  J o u r n a l  o f  
M i c r o b i o l o g y ,  2 0 1 5 ,  5 4  7 1 5 6 .  
h t t p s  : /  / d o i  . o r g / 1 0 . 1 1 5 5 / 2 0 1 5 / 5 4  7 1  
5 6  
O r h u e ,  P .  0 . ,  M o m o h ,  A .  R .  M . ,  l g u m b o r ,  E .  
0 . ,  &  E s u m e h ,  F .  { 2 0 1 4 ) .  
A n t i b a c t e r i a l  e f f e c t  o f  A z a d i r a c h t a  
i n d i c a  (  C N  :  N e e m  o r  D o n g o  Y a r o  )  
p a r t s  o f  s o m e  u r i n a r y  t r a c t  b a c t e r i a l  
i s o l a t e s .  A s i a n  J o u r n a l  o f  P l a n t  
S c i e n c e  a n d  R e s e a r c h ,  4  { 2 ) ,  6 4 - 6 7 .  
w w w . p e l a g i a r e s e a r c h l i b r a r y . c o m  
S u k a n y a ,  S . ,  S u d i s h a ,  J . ,  H a r i p r a s a d ,  P . ,  
N i r a n j a n a ,  S . ,  P r a k a s h ,  H . ,  &  F a t h i m a ,  
S .  ( 2 0 0 9 ) .  A n t i m i c r o b i a l  a c t i v i t y  o f  
l e a f  e x t r a c t s  o f  I n d i a n  m e d i c i n a l  
p l a n t s  a g a i n s t  c l i n i c a l  a n d  
p h y t o p a t h o g e n i c  b a c t e r i a .  A f r i c a n  
J o u r n a l  o f  B i o t e c h n o l o g y ,  8  ( 2 3 ) ,  
6  6  7  7  - 6  6  8  2  
h t t p s : /  / d o i  . o r g / 1 0 . 4 3 1 4 / a j b . v 8 i 2 3 . 6  
6 3 7 6  
J o u r n a l  o f  I n d u s t r i a l  R e s e a r c h  a n d  Te c h n o l o g y  . . .  
S u l e i m a n ,  M .  M . ,  M c G a w ,  L .  J . ,  N a i d o o ,  V . ,  &  
E l o f f ,  J .  N .  ( 2 0 1 0 ) .  D e t e c t i o n  o f  
a n t i m i c r o b i a l  c o m p o u n d s  b y  
b i o a u t o g r a p h y  o f  d i f f e r e n t  e x t r a c t s  
o f  l e a v e s  o f  s e l e c t e d  S o u t h  A f r i c a n  
t r e e  s p e c i e s .  A f r i c a n  J o u r n a l  o f  
T r a d i t i o n a l ,  C o m p l e m e n t a r y  a n d  
A l t e r n a t i v e  M e d i c i n e s ,  7  ( 1 ) ,  6 4 - 7 8 .  
h t t p s : / / d o i . o r g /  
1 0 . 4 3 1 4 / a j t c a m . v 7 i l . 5 7 2 6 9  
S u l e i m a n ,  M .  N .  ( 2 0 1 1 ) .  T h e  i n  v i t r o  
p h y t o c h e m i c a l  i n v e s t i g a t i o n  o n  f i v e  
m e d i c i n a l  p l a n t s  i n  A n y i g b a  a n d  i t s  
e n v i r o n s ,  K o g i  S t a t e ,  N i g e r i a .  P e l a g i a  
R e s e a r c h  L i b r a r y ,  2  ( 4 ) ,  1 0 8 - 1 1 1 .  
R e t r i e v e d  f r o m  
h t t p : /  / w w w . i m e d p u b . c o m / a r t i c l e s / t  
h e - i n - v i t r o - p h y t o c h e m i c a l -
i n v e s t i g a t i o n - o n - f i v e - m e d i c i  n  a  1-
p  I a  n t s - i  n - a  n y i g b a - a  n d - i t s - e  n v i  r o n s -
k o g i - s t a t e - n i g e r i a . p d f  
W i e g a n d ,  1 . ,  H i l p e r t ,  K . ,  &  H a n c o c k ,  R .  E .  W .  
( 2 0 0 8 ) .  A g a r  a n d  b r o t h  d i l u t i o n  
m e t h o d s  t o  d e t e r m i n e  t h e  m i n i m a l  
i n h i b i t o r y  c o n c e n t r a t i o n  ( M I C )  o f  
a n t i m i c r o b i a l  s u b s t a n c e s .  N a t u r e  
P r o t o c o l s ,  3 ( 2 ) ,  1 6 3 - 1 7 5 .  
h t t p s : /  / d o i . o r g / 1 0 . 1 0 3 8 / n p r o t . 2 0 0 7  
. 5 2 1  
J I R T  V o l .  6 ,  N o  1 ,  2 0 1 7  2 2 0  
